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© Method for molding a photosensitive composition. 

© A photosensitive composition wherein the setting 
is prevented in the presence of air is subjected to 
partial setting with reamining the side contacting with 
air by radiating light, then to complete setting by 
radiating light again without contacting the unset part 
with air. 

The composition is extended on a metal surface 
and subjected to setting, hence the smoothness is 
excellent. In addition, after the unset part was stic- 
ked by pressure to another unset composition or 
other film, it can simply be adhered by radiating light 
again. 

Further, when metal rolls are utilized as metal 
surfaces, the continuous manufacturing can be made 
easily. 
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Method for molding a photosensitive composition 



Background of the Invention 



The present invention relates to methods for 
molding a photosensitive composition. The molding 
methods said here refer to a method for molding 
into a sheet-shape t for laminating and for holding a 
sandwiched material between films. 

Although there are various methods for mold- 
ing plastic, the object of the invention is to improve 
the above-mentioned three methods among them. 
In the following, these methods are described in 
separated paragraphs. 



Conventional methods for molding into a sheet- 
shape 

The methods for molding plastic into a sheet- 
shape, hitherto, include various methods as follows. 
A sheet said here is used as a concept including a 
film, but generally 0.1 mm or more in thickness is a 
sheet and less than a film. 
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The method has remarkable characteristic fea- 
tures that the sheet surface is very smooth and has 
an excellent gloss because it is solidified in contact 
with the metal surface kept smooth by polishing 
and the directional property of sheet in length and 
breadth is hardly noted. Also in the accuracy in 
thickness, the method is said to maintain the level 
more excellent than any of the other process. The 
film in the photograph is produced by the method 
using cellulose acetate. 



(3) Calender processing method 

In this method, a thermoplastic resin is sup- 
plied to between heated multistep rolls, kneading 
with mixing is repeated, at last the melted resin is 
introduced into between two rolls to decide the 
thickness, and sheets are produced by cooling- 
solidifying. 

By the method, sheets of wide breadth can be 
produced with high efficiency. The most popular 
plastic sheets produced by the method are soft 
and hard poiyvinylchloride sheets. 



(1) Extrusion molding method 

Generally, a thermoplastic resin is melted by 
heating, extruded from a wide so-called T-die hav- 
ing a narrow slit, and set by cooling with pressing 
down to a coofing roll. This method is referred to 
as a casting method in extruding molding methods. 

Also a so-called inflation method, wherein a 
melted heat plastic resin is extruded from a ring- 
shaped gap, formed into a bulb-shape by blowing 
air from the ring center, and formed into a sheet- 
shape by folding it, belongs to this category. 

Particularly, the casting method using a T-die 
has a large advantage in extruding methods in 
being capable of producing precise sheets in large 
capacity, hence it is the most popular molding 
method as means for molding a heat plastic resin 
into a sheet-shape. 



(2) Solution slavering method (casting method) 

In this method, a plastic is dissolved in a 
solvent, the solution(referred to as dope) is sup- 
plied to a hopper, slavered on a metal drum or 
metal belt from a small gap at the bottom of 
hopper, and sheets solidified by evaporating the 
solvent with rotating the drum or belt are peeled off 
from the metal surface to take out. 



Conventional method for laminating 

In combinding by laminating a plastic film, 

'30 there are cases wherein a plastec film is sticked to 
the surface of substrates, that is called as coating, 
and two substrates of A and B are sticked together 
via adhesive layer, that is calld as a laminate. 
Recently, with the progress of a film molding tech- 

35 nique by extruding molding methods, there has 
been a method wherein two types of thermoplastic 
resin of A and B are extruded at the same time and 
the resins are bonded together with melting into a 
laminate before taking out of the moid. As sub- 

40 strates, usable are plastic films, paper, metal foil 
and fabrics, and so forth. As the adhesive layer, 
besides various adhesives used as adhesives in 
themselves, plastic film itself may function as an 
adhesive as shown in the extrusion laminate meth- 

45 od. In either case, they are means used for sup- 
plying a further high functional film materials by 
synthesizing functions possessed by each layer. 
Here a state laminated in any method is referred to 
as a laminate. 

50 Further, not limited to substrates such as 
sheets and films, as a concept including that var- 
ious shapes of thin materials are put between plural 
sheets or films into a sandwitch-shape, a term 
laminate is used in this specification. The thin 
materials said here, not limited to plastics, include 
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all materials of small thickness, such as fabrics, 
knitted goods, pressed flowers, buttefly specimens 
and leaves of wood or bamboo. Further, they in- 
clude materials not called as thin materials gen- 
erally such as powder and particles. After all, thin 
materials are not limited to any species if they are 
materials which can be put between plastics or 
sheets as a continuous or noncontinuous layer- 
shape. 

Concerning the necessity of laminates, in the 
various fields of industrial materials, they have 
been required to have higher-level performance 
characteristics, hence only the performance of sin- 
gle plastic material cannot fully meet requirements 
in many cases, that has been more and more 
general recently. 

The fields wherein laminates products are used 
in the most large amount in places attracting public 
notice are individual packages of foodstuffs or 
medical supplies, and magnetic cards which are 
often put in hands recently. Further, various build- 
ing materials, interior materials of automobiles, 
stationeries, sundries, various household electric 
appliances, those which are used with belonging to 
the other goods, are inconspicuous, but when these 
are included, laminate products can be said to be 
supplied for more and more diversified uses. 

The production method for such laminate pro- 
ducts are as follows at present time. 

(1) Extrusion laminate method (including Coextru- 
sion) 

This method is used most generally in laminate 
methods. As substrates, there may be mentioned 
cellophane, various plastic films, metal foil and 
fabrics, and so forth. However, most of the laminate 
materials are polyethylene, and as the other materi- 
als, ethylene-viny! acetate copolymer and poly- 
propylene are used according to the objects. Fur- 
ther, as the other methods, two or more coating 
heads are provided to laminate multi-layers at one 
time, or by extruding melted resin film of two or 
more layers from one mold at the same time, 
namely coextrusion, laminates are produced on 
substrates. In laminating on plastic film or metal 
foil, usually primer coating is applied on substrates 
before a melted resin is laminated to elevate adhe- 
sion. 

In this method, the sorts of substrates are 
abundant and as described above multi-layers can 
be laminated at one time, hence it is used for 
many objects. For instance, in films used for pre- 
served foodstuffs, to secure desirable effects of 
contents, preserving performance, heat resistance 
to withstand heating sterilization and heat-seal 
property in automatic package, only one layer film 



is not sufficient but at least two or more layers film 
is generally used. In such a case, the extrusion 
laminate method is most generally used. 

5 

(2) Dry laminate method 

Also in this method, two types of substrates of 
A and B are sticked together by using adhesives. 

to The adhesives are a reaction type generally. Re- 
cently, an ordinary temperature setting type has 
been used importantly. As the method, an adhesive 
is applied on either substrate of A or B, solvent is 
evaporated if solvent is used, an appropriate adhe- 

15 sive surface in an unsetting state is formed, and 
another substrate is sticked together. In an adhe- 
sive wherein solvent is not used, so-called nonsol- 
vent type, the drying process is saved. In any 
case, after sticking together; normally aging is per- 

20 formed for about 24 hours and subjected to setting. 
In this method, the laminate of various plastics 
each other or of plastics and metal foil can be 
made. As adhesives, there may be mentioned vi- 
nyl, cellulosic and epoxy type, they are selected 

25 according to the sorts of substrates or to the ob- 
jects. This method is popular next to the extrusion 
laminate method, being often used for the lami- 
nates of substrates each other which is impossible 
in extrusion laminate. 

30 

(3) Hot-melt laminate method 

In this method, plastics film, aluminium foil and 
35 paper are sticked together with polyethylene 
(copolymer with vinyl acetate ) of low molecular 
weight or wax melted by heating and cooled. Also 
so-caJled coating films wherein hot-melt "materials 
are applied to substrates are produced in this pro- 
40 cess. 

As adhesives, a mixture of paraffin wax and 
micro-crystal wax was used in the past, but re- 
cently ethylene vinylacetate copolymer, ethylene 
acrylic acid ester copolymer or the like has been 
45 used. 

According to the method, complex films having 
an appropriate moisture protecting effect can be 
produced in a relatively low cost, hence the films 
are used as packages for confectioneries and 
50 snack foodstuffs. 



(4) Wet laminate method 

55 In this method, an adhesive is applied to a 
plastic film or metal foil, immediately, for example, 
a substrate easy to adsorb moisture such as paper 
is sticked together, and moisture is evaporated to 
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adhere. As adhesives, usable are water-soluble 
starch, polyvinyl alcohol, and emulsion of poly- 
vinylacetate or polyvinylchloride. As a typical ex- 
ample, there is a complex composition of alumin- 
ium foil and fine paper used for an inlined material 
of a tobacco case. 

The problems of the above-mentioned conven- 
tional technics are described in the following. 

First, the conventional method of molding into 
a sheet-shape has the following defects. 

In the extrusion molding method(1), a thermo- 
plastic resin obtained with requiring a large amount 
of energy is melted by adding further heat energy 
to be molded. Further, a strain unstable to heat is 
inevitably generated in a sheet in heat molding, but 
it is difficult to relieve perfectly the strain even if 
annealing is operated, hence the sheet is unsuit- 
able for the use wherein the size stability when 
heated is severely required. 

Further, since the uniformity of sheet thickness 
and the smoothness of surface are inferior to those 
according to the solution slavering method, the 
extrusion molding method is unsuitable for the pro- 
duction of goods wherein these properties are se- 
verely required, for example a photographic film. - 

In the solution slavering method(2), the sheet- 
ing equipment to produce sheets of high accuracy 
requires a very high cost, and the synthetic equip- 
ment investrment. reach an enormous sum if the 
solvent recovering equipment and safety devices 
are included. In addition, the cost of the equipment 
is more and more required to elevate the produc- 
tion speed, leading to the very high production 
cost. The plastics as the object of sheet formation 
according to the method are limited, and in the 
present state cellulose acetate occupies the greater 
part, there being only a part of polyvinylchloride 
sheet and some examples such as polyvinyl al- 
cohol and polycarbonate. In the method, the mold- 
ing of a very thin or thick sheet is difficult, being 
moldable only in the range of 50-300 u at best. 

In the calendar molding method(3), the object 
materials are limited so that it is said that the 
object in thermoplastic resins is only soft and hard 
polyvinylchloride. This molding method is a pro- 
cess wherein a large amount of energy is con- 
sume'd similarly with the extrusion molding method, 
but the productivity is higher and the addition 
amount of processing auxiliaries such as stabilizers 
is smaller, leading to the lower cost, than the 
extrusion molding method. Although it is an advan- 
tage of the method, the quality and the small lot 
coping with multi-sort products are inferior to those 
of the polyvinylchloride sheet according to the ex- 
trusion molding method, being defects of the meth- 
od. 

From the such present state, the film, for ex- 
ample photographic film, excellent in the surface 



gloss and smoothness and having high uniformity 
without foreign matters has been inevitably molded 
by the solution slavering method. Therefore, the 
development of the process wherein products of 
5 such high quality can be produced in the lower 
cost with high effeciency, safety and a wide ap- 
plication scope by covering the effects of conven- 
tional processes has been strongly desired in this 
industry. 

10 In the following, the defects of the conventional 
laminate method are described. 

The extrusion laminate method(1) is as men- 
tioned above very pupular because of the wide 
selectable scope of substrates. However, sub- 

15 strates weak to heat are unusable. For laminate 
materials, thermoplastic resins capable of extrusion 
molding are prerequisites, and combined use of 
coextrusion technic, for instance, conditions to per- 
mit adhesion of two types of resin A and B are 

20 required to be provided. If the extrusion equipment 
for melting each resin is set up, even if a multilayer 
laminate can be molded at the same time, the 
construction area becomes large and a very large 
scale equipment is needed, leading to a high cost 

25 for the equipment. 

Further, in the case of the stop of extrusion 
equipment, the unusable resin remains in the ex- 
trusion machine, leading to the uselessness of ma- 
terials. 

30 Also in the dry laminate method(2), in case an 
adhesive of solvent type is used, a drier for the 
solvent is needed and the substrates are exposed 
to high temperature. Accordingly, also in this case, 
substrates weak to heat are required to be avoided. 

35 Further, until perfect adhesion, aging is needed 
with taking the time. From these circumstances, 
making a multilayer at the same time is very dif- 
ficult. 

In the hot-melt laminate method(3), the lami- 

40 nate material itself has a low melting point, that is 
weak to heat, hence the method has a deffect that 
it is unsuitable for producing laminates requiring 
heat resistance. 

The wet laminate method(4) is used in the 

45 limited scope that at least one of the substrates is 
limited to paper or cloth absorbing water, and the 
limitation itself is said to be the deffect. 

As mentioned above, synthetically, in laminates 
according to the conventional method, substrates 

50 used play a principal part at the surface layer with 
an exception excepted. The exception is a case 
wherein a melted resin for extrusion directly con- 
tacting with the surface of a metal roll (casting) 
forms the surface layer as observed in films by the 

55 extrusion coating or coextrusion method (including 
the use in extrusion coating) or sheet molding. Also 
in this case, the surface properties more excellent 
than those obtained by extrusion molding can not 
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be obtained, hence in the' smoothness and uniform- 
ity of film and occurrence of foreign matters such 
as fish-eye, the film surface states as obtained by 
the solution slavering mehod can not be formed. 

This means that, in fields wherein recently the 
smoothness of plastic film surface and uniformity of 
film are strictly required, the complex films ob- 
tained by the conventional technic are unusable. 
Further, when the films obtained by the solution 
slavering method are used as substrates, the large 
rise in the prices of products is brought about. 

Further, as common problems, with the prop- 
erties of substrates, a deformation such as curl 
tends to occur at various states by various causes 
such as the effect of moisture content or the 
shrinkage due to heat in lamination, hence troubles 
are brought about in some degree when used. The 
Production of films without deformation such as 
curl Is very difficult even by any of the conventional 
methods. 



Summary of the Invention 

The object of the invention is to solve the 
above-mentioned problems and the invention has a 
great feature in the partial setting of a photosen- 
sitive composition. The invention has developed an 
epoch-making process for producing sheets by. the 
application of a photosensitive composition as a 
method without the use of heat and solvent. As a 
key point of the invention, the prevention (retard) of 
setting (curing) by air (oxygen), which has been the 
largest defects of photosensitive compositions gen- 
erally, was utilized conversely. As the feature, a 
photosensitive composition whose setting is pre- 
vented by air is extended on a metal surface, the 
composition side contacting with the metal surface 
is subjected to setting by radiating light from the 
opposite side to the metal surface, then air is shut 
off and the composition is completely set by radiat- 
ing light again. According, after light radiation, the 
sheet having an unset surface contacting with air is 
peeled off from the metal surface and 

(1) the unset part is sticked to the metal 
surface and light is radiated from the set surface, 
or 

(2) the unset part is sticked by pressure 
together with the unset part of another sheet having 
an unset surface peeled off from a metal surface in 
the same manner to unify, or 

(3) the unset part is sticked to the other film 
by pressure, or 

(4) the sheet is sticked with putting a thin 
material between films sticked together by pres- 
sure, 

then, when light is radiated from the both side, the 



unset side is completely set because air is per- 
fectly shut off. 

Thus, the invention utilizes conversely the pre- 
vention of setting due to air which was originally a 

5 serious defect of a photosensitive composition, that 
is a new conception not thought of hitherto. To 
solve the prevention of setting due to air, hitherto, 
an atmosphere of inert gas such as nitrogen or a 
film-cover was adopted. The preventive property is 

w unfavorable and the requirements of the preventive 
propery as the invention could not be found at ail. 

Brief Description of the Drawings 

rs 

Fig.1 is a graph showing a setting state. 

Fig.2 is a rough section showing an example 
of the molding method (sheet formation) of the 
20 invention. 

Fig.3 and Fig.4 are rough sections showing 
the other examples of the molding method (sheet 
formation) of the invention. 

Fig.5 is a rough section showing an example 
25 of the molding method (laminate) of the invention. 

Fig.6, Fig.7, Fig.8, Fig,9 and Fig.10 are 
rough sections showing the other examples of the 
molding method (laminate) of the invention. 

Fig.1 1 is a rough section showing roils ar- 
30 rangement wherein various molding methods of the 
invention can be executed. 



Detailed Description of the Invention 

35 

In the following the invention will be described 
further in detail. 

First, a sheet molding method as a state of the 
40 invention is described. 

The invention is a method for sheet formation 
(film formation) of plastics comprising developing a 
photosensitive composition wherein the setting is 
prevented in the presence of air on a metal sur- 
45 face, setting the side contacting with the metal 
surfaec by radiating light from the opposite side to 
the metal surface, and then completely setting the 
composition by radiating light again after shutting 
off air. 

so The photosensitive composition refers to a 
composition set by radiating light. It is not specially 
limited and all of the photosensitive compositions 
are applicable. The setting is required to be pre- 
vented in the presence of air(oxygen). Since the 

55 setting is usually prevented in the presence of air 
wjth exceptions excepted, there is no problem, The 
viscosity of the composition is also not specially 
limited if it can be extended. 
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The photosensitive composition including not 
only monomer but oligomer and prepolymer is not 
limited to any particular species if it is set by 
radiating light Generally, a monomer having a 
functional group such as an acryloyl group or an 
ally! group is used. 

As examples, there may be mentioned HEMA . 
(2-hydroxyethylmethacrylate), N-methylacrylamide, 
acrylic acid, methacryiic acid, diethylaminoethyl 
(meth)acrylate, diethyleneglycol di(meth)acrylate 
and methylol(meth)acrylamide. 

Further, the composition is not required to be a 
single substance, but it may be a mixture of var- 
ious photosensitive compositions. 

The composition may be formed as an odor 
emitting plastic film(sheet) by mixing perfumes. 
Particularly, a mixture of a volatile perfume is hope- 
ful, which could not be blended owing to the prob- 
lem of the molding temperature hitherto. 

High polymers may be mixed with the pho- 
tosensitive composition. The high polymers are not 
required to be dissolved in the photosensitive com- 
position, but if they can be dispersed in the com- 
position or can be kneaded with the composition, 
they are usable. Further, a photoinitiator to be 
mixed usually (for example, benzil and AIBN, not 
required for electronic rays setting) or the other 
materials may be freely added of cource. 

As high polymers mixed, for example, there 
may be mentioned polyacrylic acid ester, polyvinyl- 
butyral, polyvinyl acetate and polyamide. For in- 
stance, N-methoxy-6-Nylon forms a transparent set 
film suitable for sheet molding. The mixing ratio is 
varied with the sorts of the monomer and high 
polymer and it may be selected properly. 

For example, a mixture of the monomer of 
70% and polymer of 30% is used. As a concrete 
example, there may be mentioned a mixture of 20 
parts by weight of N-methoxymethylpolyamide res- 
in wherein 30% of polyamide groups were sub- 
jected to methoxymethylation, 80 parts by weight 
of hydroxyethyl methacrylate and 1 part by weight 
of a photointiator. 

The metal surface refers to a metal surface 
finished the surface smooth. The form including 
plate-, belt- and roll-shape is not specially limited. 
The degree of smoothness depends upon the ac- 
curacy required for the molded sheet, and usually 
the smoothness of the same degree as the metal 
roll in the conventional solution slavering method is 
preferable. As the metal material, chromium, nickel 
or stainless steel is appropriate. 

The metal roll refers to a cylinder-shaped drum 
having 'a metal surface. 

The extending refers to putting with slavering a 
composition on a roll. Usually the composition is 
discharged from a narrow slit-shaped introducing 
opening. A hopper used in the slavering molding of 



cellulose acetate and a comma-coater adopted to 
thick coating are appropriate. 

The opposite side to a metal surface(or metal 
roll) is a direction to radiate light to the composition 
5 extended not from the metal side but from the 
composition side extended on the metal surface. Of 
cource, radiation from a perfect right angle is not 
required. 

Light said here is ultraviolet rays as a rule, but 

w the other light utilizable for setting such as elec- 
tronic rays or visible rays is also usable. Ultraviolet 
rays used for general photosetting may be used 
and a special irradiation equipment is not required. 
The method as showed in Claim 1 can be 

75 executed because, when light was radiated to a 
photosensitive composition, the surface side con- 
tacting with air is subjected to very slow setting 
owing to the prevention to setting due to air while 
the metal surface side is subjected to fast setting 

20 with the effect of the reflected light too. 

Fig. 1 shows the results of experiments by 
inventors. In Fig. 1, the abscissa is a time(second) 
and the ordinate is the thickness of the composition 
extended. The thickness of the composition ex- 

25 tended in the case is 3000 u. Consequently, the 
point of thickness 0 is the side contacting with air 
and the point of thickness 3000 u is the side 
contacting with a metal roll. A curve(91) is a gela- 
tion curve and a curve(92) is a setting curve. In this 

30 example, the part of about 400 a from the surface 
was most rapidly(about 30 seconds) subjected to 
gelation and setting. Then, gelation progressed to 
the upper and lower direction of the layer, after 
about 60 seconds gelation and setting started from 

as the metal surface, and in less than about 120 
seconds the composition was completely set with 
remaining about 20 jx of the surface layer. (93) in 
Fig. 1 shows a solution state, (94) gel state and 
(95) solid. 

40 Thus, in the state exposed in air the part of a 
certain thickness from the surface is not set (or 
very slow setting), hence" the method of the inven- 
tion can be executed. 

There are two types in the concrete method of 

45 the invention and each method is described in the 
following". 

In the first method, two metal roll are closely 
arranged, photosensitive compositions are ex- 
tended on the roils, light is radiated to the corn- 
so positions extended on the both rolls from the op- 
posite side to the metal rolls, the side contacting 
with the metal roll Is set, the composition partially 
set is introduced to the gap between both rolls by 
the rolling of rolls, the both compositions are stic- 
55 ked together into a unified sheet, and then they are 
set completely by radiating light again. 

Partial setting said here refers to that the part 
contacting with air is not completely set (not finish 
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the setting reaction) and the other part is almost 
completely set. 

In the first method, a roll to contact when 
setting and a roll to stick together into a unified 
sheet may be separately arranged to execute the 
method. 

In the second method, two metal rolls are 
closely arranged, a composition is extended on a 
roll, light is radiated from the opposite side to the 
metal roll to set the side contacting with the metal 
roll, the composition partially set is introduced to 
the gap between both rolls by the rolling of rolls, 
the composition is allowed to pass the gap with the 
unset side contacting with another metal roil, after 
passing the composition is moved along another 
metal roll, light is radiated from the opposite side to 
another metal roll to set the side contacting with 
the metal roll, and then the composition is com- 
pletely set by radiating light again. 

To shorten the producing time in the above- 
mentioned two concrete method, the intensity of 
radiating ultraviolet rays is elevated or a composi- 
tion having fast setting time is used. Further, a 
large scope(area) of ultraviolet irradiation and a 
long time of ultraviolet irradiation to the composi- 
tion may be used. For instance, a metal roll of a 
large radius or a metal belt laid over two rolls in 
place of a metal roll may be used. 

In the invention, since the energy for setting 
polymerization is light instead of heat, the stop and 
start are easy and partial setting (different from the 
above-mentioned partial setting) can be made. In 
polymerization by heat, the immediate stop of poly- 
merization is impossible because the immediate 
temperature lowering until ordinary temperature is 
impossible even after switching off the heating 
equipment. Further, in heat, also in the working 
start, a time is necessary until elevating to a speci- 
fied temperature, in the case of light, these are 
very smoothly operated. 

Further, also in partial setting by heat, even if a 
local part is heated, the neibouring parts are heated 
inevitably, hence the partial setting in the real 
meaning is impossible. However, in the case of 
light, by using various shapes of devices for shut- 
ting off light (shutting off equipments and printing 
films), a specific part only can be set. 

In the following, a molding method(lamination), 
that is another form of the invention, is described. 
Naturally, the same terms represent the same 
meanings as the above mentioned sheet formation 
method. 

In the invention, a photosensitive composition 
wherein the setting is prevented in the presence of 
air is extended on a metal surface, it is subjected 
to partial setting by radiating light from the op- 
posite side to the metal surface, the unset part of 
the said first film and the other plastic film 



(hereinafter referred to as the second film) are 
sticked together, then it is completely set by radiat- 
ing light again. 

In the following, the terms of Claims(principally 
s from Claim 5 on) are described. 

A sandwiching roll is refers to a cylindrical 
drum having a metal surface. Thus, since a pho- 
tosensitive composition is set with extendeding on 
the metal surface, it is finished very smoothly. That 
w is, the metal surface is a replica in molding the 
surface. In other words, the metal surface is re- 
quired to be finished so smoothly as to correspond 
to the necessary smoothness. 

By providing unevenness on the surface of the 
is sandwiching roll or the above-mentioned metal roll, 
an embossed roll may be prepared. 

Further, since the first film is completely set 
before sticking except a small part of the surface to 
be sticked together with the second film, the 
20 shrinkage due to setting is very small after sticking, 
hence the lamination of photosensitive composition 
has been able to be realized. 

The extending roll is a roll to extend a pho- 
tosensitive composition and refers to a roll other 
25 than two sandwiching rolls to form an approach 
position for sticking. It is a metal roll having the 
same structure and material as the sandwiching 
roll. 

In either of both cases that two extending roils 

30 are also used as a roll for sticking as mentioned in 
the first method and at the same time with peeling 
off the partially set film from a metal roll used as 
extending roll the unset part of the partially set film 
is sticked to anotheroll with turning reversely as 

35 mentioned in the second method, if the stress in 
peeling off the set surface of partially set film from 
the metal roll is larger, even if a little, than the 
adhesive stress with each unset part of two par- 
tially set films in the first method or with the unset 

40 part of partially set film and the metal roll surface 
in the second method, both the partially set films or 
the partially set film and the metal roll may be 
again separated with catching foam after passing 
the approach point. As methods for avoiding such 

45 atates as possible, release agents may preferably 
be mixed in appropriate amounts, but more prefer- 
ably the extending roll and the sticking roll may be 
arranged separately. Thus, since the partially set 
film is peeled off in advance, troubles, that two of 

so the partially set films or the partially set film and 
the metal roll are again separated with catching 
foam, can be prevented. 

In the case of setting by ultraviolet rays', the 
generation of reaction heat is inevitable, hence a 

55 warp or curl may sometimes occurs in complex 
films because of shrinkage or extension due to the 
heat. It can be prevented by cooling or warming 
the metal roll having a temperature regulating func- 
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tion. These are performed by electric heaters, cool- 
ing water pipings and cooling fans. 

Further, instead of providing the metal roll with 
such functions, heating or cooling devices can be 
provided separately. 

Thus, by temperature controlling, the difference 
in shrinkage between a partially set photosensitive 
composition and the second film is absorbed. Of 
cource, in the case of different shrinkage, the tem- 
perature can be so regulated that the temprature 
difference is generated purposely. 

If the second film to be laminated with a pho- 
tosensitive composition is also a photosensitive 
composition, it is sticked after its partial setting, 
then may be set completely. 

Further, as Claim 5, a thin material may be 
sandwiched between the first film and the second 
film. Particularly, when .a printed film is sand- 
wiched, a very beautiful plastic film(sheet) can be 
produced. 

A film produced by the invention method is 
appropriately used in the fields wherein the thick- 
ness accuracy and smoothness of the surface are 
strictly required, for example, as photographic film 
and magnetic tape. 

Further, as the other application examples, the 
sheet (independent on the presence or no of a 
sandwiched material) according to the invention 
may be used as a sandwiched film for glass. That 
is, the photosensitive composition is required to 
include at least one of monomer or oligomer 
whereby the polymer is swelled with water and the 
adhesion is promoted in the boundary surface with 
a sandwiched material. 

The sandwiched film for glass refers to a 
sheet-shape material to put between glass sticked 
together. 

The above mentioned monomer or oligomer 
whereby the polymer is swelled with water refers to 
monomers whereby the high polymer has a prop- 
erty of swelling with water. 

As such monomers there may be mentioned 
(not limited to them) 2-hydroxyethyl methacrylate, 
acrylamide and methoxytetraethyleneglycol 
methacrylate. 

Monomers whereby the polymer is swelled 
with water are selected because such compounds 
can be sticked, after setting, to glass by only 
wetting the surface with water or alcohols(low-mo- 
tecular, 1-3 hydric alcohols). 

As mentioned above, that at least of one of 
monomers is included refers to that the said mon- 
omers may be plural types, the other different 
mpnomers may be included, or high polymers may 
be included. 

The use method of the sandwiched film for 
glass of the invention is only sticking together the 
glasses having water or alcohols as mediums for 



sticking on the said sandwiched film for glass. 

Further, as the other utilizing method of the 
molding method of the invention, there is the pro- 
duction of pressure-sensitive adhesive tape 
5 wherein the adhesive film to be laminated is a 
composition having adhesion even after photo-set- 
ting. 

By the method, the sticking of adhesives to 
substrates (plastic sheet) is easy. 

/o As the production method, an adhesive 
(photosensitive composition) are applied to a sub- 
strate, then the unset part of substrate is sticked 
with setting to the adhesive by only radiating light. 
Since the adhesive completes the setting reaction, 

/5 however, with remaining adhesion without solidify- 
ing perfectly, it has a performance as adhesive 
tape. As such compositions keeping adhesion even 
after completion of setting reaction, known com- 
positions are utilizable. (USP 4,111,769 and USP 

20 4,150,170) 

In this case, a release tape may be put along 
the outside of the said composition. 



25 Preferable Embodiment 



Fig.2 is a rough section showing an example of 
the sheet formation method of the invention. Two of 

30 metal rolls(1) are closely arranged. There are pro- 
vided an upper ultraviolet irradiation device(2) 
above the metal rolls, a hoper(3) above each metal 
roll, a lower ultraviolet irradiation device(4) under 
the rolls, and a pinch roller(5) further under them. 

as The metal roll(1) is chromium-plated, 450 mm in 
diameter and 300 mm in breadth. The ultraviolet 
irradiation device has 4 glass tubes of 25 mm in 
the tube diameter, 330 mm in the tube length and 
1 .35 W in output power, (fluorescent lamp for copy- 

40 ing FL-10BA-37 10W of Matsushita Electric In- 
dustry Co., Ltd.) 

From the two hoppers(3) a photosensitive 
composition^) is supplied and extended on the 
metal rolls. Since the metal rolls(1) are rolled, each 

45 photosensitive composition^) progresses to a 
.point(7) wherein both metal rolls(1) approach. While 
the composition pregresses from the hopper to the 
approach point(7), each photosensitive composition 
is irradiated by the upper ultraviolet irradiation 

so device(2). As described in Fig.1, setting begins to 
occur in a certain depth from the surface and the 
side on the metal surface. Namely, in such, degree 
of time that the setting of the surface is insufficient 
and the metal surface side is completely set, the 

55 photosensitive composition^) progresses and is in- 
troduced to the approach point(7). 

The photosensitive composition used . in the 
example is a mixture of 66.6% of urethane acrylate 
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(XP-7000B of Japan Synthetic Chemical Industry 
Co., Ltd.), 33.3% of hydroxymethacrylate and 0.1% 
of a photoinitiator. 

Since the metal surface side is completely set, 
the metal side surface is finished to the smooth- 
ness of the same degree as the metal surface. 
Naturally, the metal roll surface is smoothly fin- 
ished with the accuracy of the degree required. 
The finishing method may be a usual method, for 
example, similarly with the metal roll in the above- 
mentioned solution slavering method. 

Thus, the compositions wherein the surface 
side is unset and the roil side is set are sticked 
together and the thickness is regulated at the ap- 
proach point(7) to be unified. This is drawn by the 
pinch roller(5) and rolled at the downstream side or 
cut into leaf to be accumulated. Between the metal 
roll(1) and the pinch roller(5), the internal part of 
the sheet sticked together is completely set by 
again radiating ultraviolet rays. In Rg.2, ultraviolet 
rays are rdiated from both sides, but may be 
radiated from a half side. 

Thus, the sheet(8) is completed. Of cource, 
usual processings to sheets such as extension and 
so forth may be conducted freely. 

In this method, sheets very smooth in both 
surfaces can be produced simply that has been 
very difficult hitherto. 

Further, by the method, also a laminate struc- 
ture can be simply obtained by introducing the 
other film, sheet or other photosensitive composi- 
tion from above the approach point(7). In this case, 
also light nontransmitting sheets can be produced 
that has been imposible with photosensitive resins. 
Namely, even if sheets existing in the middle do 
not transmit light at all, it has nothing to do with 
irradiation above the metal roll (namely, not shut off 
ultraviolet irradiation), hence in the irradiation after 
sticking together the irradiation from both sides 
brings about the complete setting of the unset 
composition. 

Further, the other materials such as, for exam- 
ple, powder or particles for providing ornaments or 
functions, or various forms (lace-shaped materials 
and specimens of trees, plants or butterfly) can be 
sandwiched. 

Fig.3 shows conceptually a method wherein 
two functions of the metal rolls in Fig.2, that is 
providing the surface smoothness and sticking to 
unify, are separated. Metal rolls(10) for sticking to 
unify are arranged in the center, at the left and 
right thereof metal rolls(1) to finish a smooth one- 
side surface are arranged, thereon hoppers(3) and 
ultraviolet irradiation devices(2) arounding at least a 
half circuit of the rolls(1) are arranged and rolls(9) 
are so arranged at the positions that unset surfaces 
are not contacted with the rolls. These equipments 
are so arranged at the positions that compositions 



run from hoppers(3) via metal rol!s(1 ), rolls(9), met- 
al rolls(10) to the last pinch ro!ls(5). 

Thus, besides advantages similar with the ex- 
ample described in Fig.2 there are additional ad- 

5 vantages as follows. In Rg.2, if a composition used 
has an affinity to the surface of the metal roll(1) 
and some stress is required for peeling off, the 
stress may act as a stress to peel off both com- 
position under the approach point wherein both 

to composition unite. However, in the method as 
shown in Fig.3, the peeling off and sticking to unify 
are not close, hence there is no problem as men- 
tioned above. Further, since the irradiation can be 
made with a sufficient distance, the productivity 

75 can be elevated. As the further advantage, on the 
way to the metal rolls(10) whereto the partially set 
composition is introduced, to the unset surface, 
equipments for partial setting or processes for 
spraying fine powder of color agents or magnetic 

20 materials are can be provided easily. 

Fig.4 is a rough section showing the other 
example. In the example, two metal rolls(1) are 
closely arranged at the upper and lower position, 
from the top part a composition^) is extended and 

25 introduced to the approach point(7) by rolling the 
metal rolls(1) in the same manner as the above- 
mentioned example, and on the way from the in- 
troducing point to the approach point(7) ultraviolet 
rays are radiated to set the metal roll side. 

30 Until here .is the same manner as the above- 
mentioned example, but instead of sticking togeth- 
er here the said sheet-shaped material set partially 
is transfered to the other metal roll, in this time the 
side contacting with the metal surface is required 

35 to be reversed, and the metal roll side is set by 
radiating ultraviolet rays in the same manner. 

Then, the sheet is completely set by again 
radiating ultraviolet rays on the way to the pinch 
roller(5). In the example, ultraviolet irradiation is 3 

40 steps. 

As mentioned above, the suitable examples for 
the sheet formation method of the invention were 
described. 

The sheet formation method of the invention 
45 has the following unexpected effects. 

(1) Sheets of extremely high surface smooth- 
ness can be produced. 

(2) The* production equipment itself is very 
simple and a low cost. 

50 (3) Since solvents are unnecessry, there is 

no danger to human body and no danger of fire. 

(4) Since the recovery of solvents is unnec- 
essary, the whole equipment is compact. 

(5) On«off of polymerization or partial poly- 
55 merization (setting) can be simply conducted. 



9 



17 



EP 0 315 927 A2 



18 



(6) There are a large number of types of 
photosensitive compositions, and various composi- 
tions can be selected to obtain properties satisfying 
needs. 

(7) Since high temperature and solvent are 
not used, laminate processing can be conducted 
with materials apt to be damaged by high tempera- 
ture or solvent. 

(8) Exclusive equipments are not required, 
and if compositions are changed, the operation can 
be conducted with simple adjustment. Since usual 
extrusion molding machines and equipments for 
the solution slavering method are exclusive equip- 
ments, resins can not be simply changed. 

In the following, suitable examples for the lami- 
nate method of the invention are described with 
drawings. 

Fig.5 is a rough section showing an example of 
the invention method. Two sandwiching rolls(11) 
are cioseiy arranged, above one of the roll a 
hopper{3) and an upper ultraviolet irradiation 
device(2) are provided. A photosensitive 
composition^) is extended on the sandwiching roll 
from the hopper(3) and introduced to an approach 
point(7) of both rolls by rolling of the roll. On the 
way to the approach point(7) ultraviolet rays are 
radiated by the upper ultraviolet irradiation device- 
(2), and the part excepting atmospheric side sur- 
face of the said composition is set. Then, at the 
said approach point(7) the composition is sticked 
by pressure together with the second film(12). Ul- 
traviolet rays are radiated to the sticked laminate 
film(13) by a lower ultraviolet irradiation device(4) 
arranged at the lower position to set completely the 
photosensitive composition. Thus, the laminate is 
completed. In this example, as the second film a 
transparent film of polyester is used, but a nontran- 
sparent or partially transparent film may be usable. 
In the case, however, the lower ultraviolet irradia- 
tion device is not required to radiate from the 
second film(12) side. 

The example in Fig.6 is the same as Fig.5 as a 
equipment except that the hopper(3) for a pho- 
tosensitive composition is arranged above the ex- 
tending roll(14). 

The production method is the same as Fig.5, 
but the photosensitive composition set partially is 
introduced to the sandwiching roll(11), with a cer- 
tain distance and time from the extending roll(14), 
hence it has the same effect as Rg.3. That is the 
problem of peeling off stress. In the example, the 
extending roll(14) is provided above the sandwich- 
ing roll(11), but the extending roll may be provided 
at the more lower position with a direction changing 
roll at the middle position. In the example, the 
extending roll(14) may be fitted with a cooler- 
abbreviated in Fig.6) to absorb the reaction heat. 



To absorb the reaction heat in sticking in the same 
manner, the sandwiching roll(11) may be also fitted 
with a cooler. Thus, even if the second film or thin 
materials is weak to heat, the method can be 

5 performed. It is because heat is unnecessary for 
adhesion and reaction heat, which generates as the 
result, is not indispensable, being different from the 
above-mentioned sticking method with hot-melt. 
The example shown in Fig.7 is almost the 

70 same as Fig.6, but is different in that another roll is 
provided between the extending roll(14) and the 
sandwiching rolls(11) and the said roll and the 
extending roll is connected with a metal belt(15). In 
this case, since the radiation of ultraviolet rays is 

15 made over the metal belt, a long radiation time is 
permitted and no dropping of partial setting materi- 
als due to gravity occurs. Further, since the relation 
between the sandwiching rolls(11) and extending 
roll(14) is cut, there is no problem concerning the 

20 peeling off too. 

The example shown in Fig.8 is the same equip- 
ment as Fig.5 except that the hopper(3) of a pho- 
tosensitive composition is provided over the both 
sandwiching rolls(11). 

25 The production method Is the same as that in 
Rg.5. Two films of the partially set photosensitive 
compsitions are so introduced to the approach 
point(7) (one of the two films is the film for adhe- 
sion in Claim 5) that a thin material(16) is sand- 

30 wiched, then after sticking, by pressure the com- 
positions are completely set by the lower ultraviolet 
irradiation device(4). In this case, the thin material- 
(16) either transparent or opaque may be used. In 
the case of the example, a complex film of very 

35 high smoothness in both surfaces is obtained, be- 
ing different from the example shown in Fig.5. Of 
cource, photosensitive compositions can be used 
in both sides of film also in examples in Fig.6 and 
Fig.7. 

40 In the example shown in Fig.9, an uncon- 
tinuous thin material is sandwiched. In this exam- 
ple, bamboo blades are used as the thin material. It 
is one of the important features of the invention 
that even such an uncontinuous material weak to 

45 heat can easily be laminated. 

In the example shown in Fig. 10, a direction 
changing roll(17) is provided between the extend- 
ing roII(14) and the sandwiching rolls(11), ail of the 
rolls shown in the drawing are capable of changing 

so freely the sending speed individually and also in 
the two sandwiching rolls(11) the temperature can 
be regulated separately. 

In this example, a long Irradiation time of ul- 
traviolet rays is permitted on the extending roll(14), 

55 the first setting is apart largely from the sticking in 
the time and distance and the sending speed can 
freely be changed, hence the effect of the shrink- 
age owing to the first setting on the sticking part is 
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little. Since the temperature of sandwiching rolls- 
(11) can, in addition, be regulated separately, the 
occurrence of warp and curl can remarkably be 
decreased. 

In the equipment shown in Fig.11, an extending 
roil(14), sandwiching rolls(11). hoppers(3), pinch 
ro!ls(5), a pressing roll(18) and ultraviolet irradiation 
devices(19) are arranged in the position as shown 
in the drawing. 

In the equipment, aii the following methods can 
be operated, which are the method for sticking two 
partially set films(Fig.2 and Fig.3), the method for 
sheet formation with a partially set film(Fig.4), the 
method for sticking a partially set film to another 
film(Fig.5, Fig.6, Fig.7 and Fig. 10) and the method 
for inserting a sandwiched material between two 
partially set films(Fig.8). 

According to each method, the stop of sup- 
plying film iserted or the stop of supplying another 
photosensitive composition may be made. 

The laminate method mentioned above has 
remarkable effects as follows. 

(1) Complex films can be produced easily. 

(2) Complex films having surfaces of very 
high smoothness can be obtained, hence the 
smoothness can be elevated to the accuracy which 
could not be obtained with the former laminate 
sheet or laminate film. 

(3) Since the setting reaction is mostly com- 
pleted befor sticking, laminates utilizing photosen- 
sitive compositions, which could not be laminated 
hitherto because of the too large shrinkage- 
(5-30%), can be obtained. 

(4) Since even materials low in heat resis- 
tance can be laminated, the types of films able to 
be laminated increase. 

(5) The reaction can be progressed with 
regulating the temperature, and the laminates of 
high accuracy with a very little curl or warp, in 
sticking, can be produced 

(6) The change of materials is easy almost 
without useless material and time, that is different 
from the conventional laminate method. Hitherto, 
there have been uselessness such as materials 
remaining in equipments and losses in time and 
heat such as again elevating temperature after 
cooling equipments. 

(7) Since also incontinuous materials can be 
simply laminated, complex sheets and complex 
films having beautiful appearances not obtained 
hitherto can be obtained. 

(8) The equipment itself is simple, and whole 
chamber in a special atmosphere or solvent evap- 
oration is not required at ail, leading to a low cost 
and safety. 

As mentioned above, the prsent invention is 
very useful. 



Claims 

1 . A method for molding a photosensitive com- 
position which comprises extending the photosen- 

5 sitive composition wherein the setting is prevented 
in the presence of air on a metal surface, setting 
the side contacting with the metal surface by ra- 
diating light from the opposite side to the metal 
side, then setting completely without contacting the 

w unset part of the surface layer with air by radiating 
light again. 

2. The method for molding photosensitive com- 
positions defined by Claim 1 which comprises ar- 
ranging two metal rolls closely, extending the pho- 

75 tosensitive compositions wherein the setting is pre- 
vented in the presence of air on the metal rolls, 
setting the sides contacting with the metal rolls by 
radiating light to the compositions extended on 
both rolls from the opposite sides to the metal rolls, 

20 introducing the compositions set partially to the 
gap of both rolls by rolling of rolls, sticking together 
both compositions into unified sheet, then setting 
completely by radiating light again. 

3. The method for molding photosensitive com- 
25 positions defined by Claim 1 which comprises ar- 
ranging two metal rolls closely, on the other two 
rolls arranged at the left and right of the said rolls 
at the center extending each photosensitive com- 
position wherein the setting is prevented in the 

30 presence of air, setting the side contacting with the 
metal rolls by radiating light to the compositions 
extended on both rolls from the opposite side to 
the metal rolls, then peeling off each composition 
from the metal roll surface with the rolling of rolls, 

35 introducing each composition between two metal 
rolls closely arranged in the center without contact- 
ing the unset surface subjected to setting preven- 
tion by air with objects such as guide rolls, sticking 
together both composition into unified sheet, then 

40 setting completely by radiating light again. 

4. The method for molding photosensitive com- 
position defined by Claim 1 which comprises ar- 
ranging two metal rolls closely, on one of the rolls 
extending a photosensitive composition wherein the 

45 setting is prevented in the presence of air, setting 
the side contacting with the metal roll by radiating 
light from the opposite side to the metal roll, in- 
troducing the composition set partially to the gap 
between both rolls by rolling of the rolls, passing 

so the gap so that the unset side contacts with an- 
other metal roll, then setting the side contacting 
with another metal roll by radiating light from the 
opposite side to another metal roll. 

5. A method for molding plastic film which 
55 comprises extending a photosensitive composition 

wherein the setting is prevented in the presence of 
air on a metal surface, setting partially by radiating 
light from the opposite side to the metal surface, 
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sticking the unset part of the said first film set 
partially together with the second film, then setting 
completely by radiating light again. 

6. The method for molding plastic film defined 

by Claim 5 which comprises arranging at least two 5 
metal sandwiching rolls, extending a photosensitive 
composition wherein the setting is prevented in the 
presence of air on one of the rolls, introducing the 
first film set the side contacting with the roll by 
radiating light to the photosensitive composition 10 . 
from the opposite side to the sandwiching roll to 
the other sandwiching roll and sticking together 
with the second film by the other sandwiching roll. 

7. The method for molding plastic film defined 

by Claim 5 which comprises arranging two sand- 75 
wiching rolls closely, arranging a metal extending 
roll with a distance from the said rolls, extending a 
photosensitive composition wherein the setting is 
prevented in the presence of air on the said ex- 
tending roll, introducing it to the above sandwiching 20 
rolls and sticking together with the second film at 
the approach point of the sandwiching roils. 

8. The method for molding plastic film defined 
by Claim 7 which comprises laying a metal belt 
between the sandwiching rolls and extending roll or 25 
laying a metal belt on another roll arranged sepa- 
rately between the sandwiching rolls and the ex- 
tending roll. 

9. The method for molding plastic film defined 

by Claim 6, 7 or 8 wherein at least one of various 30 
roils is capable of regulating temperature. 

10. The method for molding plastic film defined 
by Claim 6, 7 or 8 wherein temperature regulating 
devices are provided separately except rolls. 

11. The method for molding plastic film defined 35 
by Claim 6 or 7 wherein the second film is also 
prepared by extending a phothosensitive composi- 
tion wherein the setting is prevented in the pres- 
ence of air on a metal surface and by setting 
partially by radiating light from the opposite side to 40 
the metal surface. 

12. The method for molding plastic film defined 
by Claim 11 wherein the other thin material is 
sandwiched between the first film and the second 
film. 45 

13. The method for molding plastic film defined 
by Claim 12 wherein the thin material is a plastic 
film. 
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